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ABSTRACT 

A method for manufacturing optically-transparent lids 
includes etching sub-Wavelength structures on a surface of a 
lid Wafer. The structures may be arrayed in a heXagonally 
closed-packed pattern. 
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SUB-WAVELENGTH STRUCTURES FOR 
REDUCTION OF REFLECTIVE PROPERTIES 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates to integrated circuit fabrica 
tion, and more particularly, to a system and method for 
circuit component lids etched With sub-Wavelength struc 
tures. 

BACKGROUND OF THE INVENTION 

[0002] Microelectromechanical systems (MEMS) are 
integrated micro devices or systems combining electrical 
and mechanical components. Some MEMS devices may be 
fabricated using standard integrated circuit batch processing 
techniques and have a variety of applications including 
sensing controlling and actuating on a micro scale. MEMS 
devices may function individually or in arrays to generate 
effects on a macro scale. 

[0003] Certain MEMS devices require a vacuum environ 
ment in order to obtain maximum performance. The vacuum 
package also provides protection in an optimal operating 
environment for the MEMS device. Examples of these 
MEMS devices are infrared MEMS such as bolometers. In 
addition to the necessity of a vacuum or otherWise controlled 
environment for an infrared bolometer, infrared MEMS 
devices may require an optically-transparent cover, or lid 
structure. These device Wafer lids are often coated With an 
anti-re?ective coating to reduce the re?ective properties and 
increase the optical transmission properties of the device 
Wafer lid. Typically, the anti-re?ective coating is patterned 
With a liftoff method that requires a thick photoresist, Which 
is hard to remove after the anti-re?ective coating is depos 
ited on the device Wafer lid. This is due primarily to the 
extremely high temperatures at Which the anti-re?ective 
coating must be deposited on the device Wafer lid. 

SUMMARY OF THE INVENTION 

[0004] Among other things, the present invention 
addresses the problem of the difficulty in depositing an 
anti-re?ective coating on a device Wafer lid. According to 
various embodiments of the present invention, an improved 
method for increasing the optical transmission characteris 
tics of a device Wafer lid is provided, Which substantially 
reduces the disadvantages and problems associated With 
previously disclosed methods of MEMS device manufac 
ture. According to one embodiment of the invention, there is 
provided a method for etching sub-Wavelength structures on 
one or both surfaces of a device Wafer lid prior to mating a 
lid Wafer With a device Wafer. 

[0005] Various embodiments of the present invention pro 
vide various advantages over traditional lid manufacturing 
methods. It should be noted that any given embodiment of 
the present invention may provide some, all, or none of these 
advantages. For example, sub-Wavelength structures may be 
etched onto the surface of a device Wafer lid simultaneously 
With the sealing surfaces, lid cavities, solder excess uptake 
trenches, and any other structure required to be etched onto 
the surface of the device Wafer lid. Creating the sub 
Wavelength structure on the device Wafer lid prior to the 
separation of the individual vacuum packaged MEMS 
devices also saves time and resources. Additionally, etching 
sub-Wavelength structures to increase the optical transmis 
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sion properties of a device Wafer lid obviates the need for the 
difficult process of applying an anti-re?ective coating on the 
device Wafer lid. Other advantages may be readily ascer 
tainable by those of ordinary skill in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing description taken in conjunction With the 
accompanying draWings: 

[0007] FIG. 1 is a top vieW of a device Wafer in accor 
dance With an embodiment of the present invention; 

[0008] FIG. 2 is a cross section of a single MEMS device 
according to an embodiment of the present invention; 

[0009] FIG. 3 is a top vieW of a pattern side of a lid Wafer 
in accordance With an embodiment of the present invention; 

[0010] FIG. 4 is an enlarged vieW of a portion of a lid 
Wafer With a lid cavity in accordance With an embodiment of 
the present invention; 

[0011] FIG. 4A is an exterior vieW of a portion of the lid 
Wafer in FIG. 4; 

[0012] FIG. 5 is a partial cross-sectional vieW of the lid 
Wafer illustrated by FIG. 4; 

[0013] FIG. 6 is an example of a pattern for sub-Wave 
length structures in accordance With an embodiment of the 
present invention; 

[0014] FIG. 7 is a partial cross-sectional vieW of sub 
Wavelength structures etched on one surface of a lid Wafer 
in accordance With an embodiment of the present invention; 
and 

[0015] FIG. 8 is a partial cross-sectional vieW of a Win 
doW Wafer bonded to a lid Wafer in accordance With an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] Infrared microelectromechanical systems (MEMS) 
devices may require a vacuum, or other suitably manipu 
lated environment, to obtain maximum performance. For 
example, infrared micro bolometers require an operating 
pressure of less than 10 millitorr to minimiZe thermal 
transfer from the detector elements to the substrate and 
packaging Walls. Additionally, infrared micro bolometers 
require an optically-transparent cover. Often, an anti-re?ec 
tive coating is placed on a device Wafer lid to increase the 
optical transmission properties of the lid. Traditional anti 
re?ective coatings are generally patterned With a liftoff 
method that requires a thick photoresist. This photoresist is 
hard to remove after the high temperature deposition of the 
anti-re?ective coating. One solution to the difficulty in 
applying the anti-re?ective coating on a Wafer lid is to create 
geometric features on the Wafer lid that reduce the index of 
refraction. 

[0017] Among other things, various embodiments of the 
present invention alloW for an anti-re?ective surface to be 
etched on either surface of a device Wafer lid, or both, to 
decrease production costs for optically transparent device 
Wafer lids. 
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[0018] Referring to FIG. 1, silicon device Wafer 10 is a 
standard substrate used for fabrication of integrated circuit 
devices, MEMS devices, or similar devices. HoWever, any 
suitable substrate material may be used. For example, a 
substrate material With integrated circuit readout devices 
embedded therein may be used as the device Wafer 10. 
Silicon device Wafers usually have many MEMS devices 12 
formed thereon using traditional methods of integrated cir 
cuit fabrication. Although the embodiments disclosed herein 
discuss integrated circuit fabrication in terms of vacuum 
packaging for infrared MEMS devices, the embodiments 
may be used to provide vacuum packaging of any integrated 
circuit device, or similar device, formed on a substrate 
material and contained Within a vacuum package. Addition 
ally, the embodiments disclosed herein may be used in any 
vacuum or non-vacuum packaging of integrated circuit 
devices. 

[0019] Each MEMS device 12 preferably has one or more 
associated bonding pads 14 Which provide electrical con 
nections to the MEMS device 12. As indicated in FIG. 1, 
each MEMS device 12 has tWo associated bonding pads 14. 
These bonding pads 14 are preferably disposed only on one 
side of the MEMS device 12, but in any particular embodi 
ment, bonding pads 14 may be disposed on any side, one 
side, or multiple sides of MEMS device 12. In addition to 
device Wafer 10, MEMS devices 12, and bonding pads 14, 
FIG. 1 also depicts sealing surface 16, Which de?nes the 
vacuum package around a MEMS device 12. Although the 
present embodiment discusses one MEMS device enclosed 
in each vacuum package, it is readily understood that 
multiple MEMS devices may be enclosed Within a vacuum 
package de?ned by sealing surface 16. 

[0020] Referring noW to FIG. 2, a single MEMS device 12 
is illustrated to more completely shoW the layout on device 
Wafer 10. A lead 18 connects each bonding pad 14 to MEMS 
device 12. A space is left betWeen MEMS device 12 and 
bonding pad 14 to form the device sealing surface 16. Note 
that lead 18 runs beneath fabrication layers to be built Within 
device sealing surface 16. Because the device sealing sur 
face 16 de?nes the area of the device Wafer 10 Within Which 
a vacuum package Will be formed, leads 18 form electrical 
connections to bonding pads 14 Without affecting the vacu 
ums’ seal existing around MEMS device 12. 

[0021] Device sealing surface 16 is formed on device 
Wafer 10 such that a sealing layer 22 and bonding adhesion 
surface 24 may be formed thereon. Sealing layer 22 may be 
comprised of any suitable material having dielectric prop 
erties. Sealing layer 22 serves as a platform upon Which 
bonding adhesion surface 24 may be deposited. Preferably, 
sealing layer 22 is composed of silicon nitrite, although any 
suitable dielectric may be used. Sealing layer 22 provides 
electrical isolation for leads 18. Abonding adhesion surface 
24 is fabricated on sealing layer 22 and may be fabricated 
using any combination of metal, metal alloy or other mate 
rial that is suitable for bonding device Wafer 10 and lid Wafer 
30 together. In one embodiment, bonding adhesion surface 
24 comprises a ?rst layer of titanium, a second layer of 
platinum, and a third layer of gold. HoWever, there are many 
suitable materials or combinations of materials available for 
use in fabricating bonding adhesion surface 24. Bonding 
adhesion surface 24 may be deposited at the same time 
bonding pads 14 are deposited on device Wafer 10. Device 
sealing surface 16 may utiliZe a heat-activated solder, a 
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compression seal, such as an indium compression seal, or 
any other suitable sealing surface material. 

[0022] FIG. 3 illustrates a silicon lid Wafer 30. Although 
the embodiment described beloW utiliZes a silicon Wafer as 
a substrate for the lid Wafer 30, any suitable substrate 
material may be used. Examples of materials other than 
silicon Which may be used as optically-transparent device 
Wafer lids include quartZ or Pyrex, Zinc, germanium, sap 
phire, or infrared chalcogenide glass. Lid Wafer 30 includes 
a plurality of lid sealing surfaces 32, preferably correspond 
ing in number to the device sealing surfaces 16 on device 
Wafer 10. Each of the lid sealing surfaces 32 is preferably a 
mirror image of a respective device sealing surface 16 so 
that lid Wafer 30 mates With device Wafer 10. Cavities 34 and 
bonding pad channels 36 are etched in the lid Wafer 30 using 
an appropriate etching process such as Wet or dry etching. 
Additionally, trenches 42 may be etched in lid Wafer 30. 
Trenches 42 are preferably disposed in sealing surfaces 32 
in order to prevent any sealing material from entering 
cavities 34. Anisotropic etching using potassium hydroxide 
(KOH), or any other suitable basic solution may be used to 
etch cavities 34, bonding pad channels 36, and trenches 42. 
The etching process for cavities 34, bonding pad channels 
36, and trenches 42 may include depositing a layer of silicon 
nitride and patterning the silicon nitride layer to form an 
appropriate etch mask. 

[0023] FIGS. 4 and 4A illustrate an enlarged vieW of a 
portion of lid Wafer 30 that is preferably operable to form the 
lid portion of a single vacuum packaged MEMS device. 
FIG. 4 is a vieW of the interior of an individual cavity 34 on 
lid Wafer 30. Sealing surface 32, cavity 34, and trench 42 are 
illustrated in accordance With an embodiment of the present 
invention. FIG. 4A illustrates a portion of the opposite side 
of lid Wafer 30, Which is the exterior surface of lid Wafer 30. 
In addition to sealing surface 32, cavity 34, and trench 42, 
sub-Wavelength structures 44 and 46 are etched on the 
interior surface and exterior surface, respectively of lid 
Wafer 30. Sub-Wavelength structures 44 and 46 may be 
etched using isotropic Wet or dry etching, or by anisotropic 
etching using potassium hydroxide, or other anisotropic 
basic solution. 

[0024] FIG. 5 illustrates a cross-sectional vieW of the lid 
Wafer section illustrated by FIG. 4. In one embodiment, 
sub-Wavelength structures 44 are preferably etched on the 
interior surface of lid Wafer 30. Additionally, sub-Wave 
length structures 46 may be etched on the outer surface of lid 
Wafer 30. Etching a pattern on the lid Wafer surface changes 
the index of refraction by reducing the index of refraction in 
the etched region according to a ?ll factor. The ?ll factor 
may be described as the ratio of the remaining solid material, 
Which in the present embodiment is silicon, over the total 
affected volume. Optical transmission may also be increased 
by depositing a ?ll material 48 With a loWer index of 
refraction than the lid Wafer in the spaces betWeen the 
sub-Wavelength structures. Depositing ?ll material 48 may 
provide a protective cover on the outer surface of the lid 
Wafer and on the individual sub-Wavelength structures them 
selves, and may further enhance optical transmission prop 
erties of the lid Wafer. In one embodiment, organic com 
pounds such as polyethylene, polyimide, and polypropylene 
that have refractive indexes beloW 1.5 may be used as ?ll 
material 48. Additionally, inorganic compounds With 
indexes of refraction of 1.5 or less may be used as ?ll 
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material 48. Examples of inorganic compounds for use as ?ll 
material 48 are magnesium oxide, magnesium ?uoride, and 
calcium ?uoride. 

[0025] FIGS. 6 and 7 illustrate embodiments of the sub 
Wavelength structure disposition on a device Wafer lid. 
Generally, the ?ll factor is related inversely to the index 
of refraction n of the lid material. This relationship may be 
described by the equation 

[0026] Individual sub-Wavelength structures 60 have a 
diameter D and a center-to-center separation P arranged in a 
hexagonal close-packed pattern on the surface of a silicon 
Wafer With a refractive index n. Center separation P may be 
determined by the folloWing equation: 

[0027] The height h of individual sub-Wavelength struc 
ture 60 is dependent on the Wavelength 7» of the incident 
light and the index of refraction n of the lid material, and 
may be described by the equation 

[0028] Therefore, for lid Wafers designed to minimiZe 
re?ection in a light spectrum With a Wavelength centered at 
ten microns, an appropriate sub-Wavelength structure Will 
have dimensions on the order of microns. Thus, if the Wafer 
index of refraction n=3.4215 at }\,=10 microns incident 
Wavelength, the structure parameters are h=7»/4\/n=1.35 
microns, ?ll factor 

FF : 0.226, 
: 3.4215+1 

[0029] and center-to-center distance P=rc/2\/\/3(FF) D or 
P=2.00 D. Although the embodiment described above uti 
liZes a hexagonal close-packed pattern, any suitable pattern 
of sub-Wavelength structures 44 and 46 may be arrayed, or 
etched on a device Wafer lid interior surface or exterior 
surface, respectively, to reduce the index of refraction. 

[0030] FIG. 8 illustrates an alternative embodiment 
Wherein a WindoW or spacer 80 is used to create an interior 
surface With sub-Wavelength structures 44 etched thereon. 
WindoW or spacer 80 may be manufactured from any 
suitable substrate material, and may be bonded to Wafer lid 
30 using soft glass, glass solder, an indium compression seal, 
or any other suitable method for layering substrates. In this 
embodiment, device sealing surfaces 38, trenches 42, and 
cavities 34 may be created by using a WindoW or spacer 80 
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containing apertures Which correspond to each MEMS 
device deposited on device Wafer 10. 

[0031] Although the present invention has been described 
in detail, it should be understood that various changes, 
substitutions, and alterations may be made, Without depart 
ing from the spirit and scope of the present invention as 
de?ned by the claims. 

What is claimed is: 
1. A method for manufacturing a lid Wafer for integrated 

circuit devices, comprising the step of: 

forming one or more sub-Wavelength structures on a ?rst 
surface of the lid Wafer, Wherein the one or more 
sub-Wavelength structures increase the anti-re?ective 
properties of the device Wafer. 

2. The method of claim 1, further comprising the step of: 

forming one or more sub-Wavelength structures on a 
second surface of the Wafer lid, Wherein the second 
surface of the Wafer lid is disposed opposite the ?rst 
surface. 

3. The method of claim 1, Wherein the one or more 
sub-Wavelength structures are formed by Wet or dry isotro 
pic etching. 

4. The method of claim 1, Wherein the one or more 
sub-Wavelength structures are formed by anisotropic etch 
ing. 

5. The method of claim 4, Wherein the anisotropic etching 
employs potassium hydroxide 

6. The method of claim 1, Wherein the one or more 
sub-Wavelength structures are etched to form a hexagonal 
close-packed pattern. 

7. The method of claim 6, Wherein the spacing of the one 
or more sub-Wavelength structures is directly related to the 
refractive index of a material forming the lid Wafer. 

8. The method of claim 6, Wherein the height of the one 
or more sub-Wavelength structures is directly related to the 
refractive index of a material forming the lid Wafer. 

9. The method of claim 1, Wherein the one or more 
sub-Wavelength structures are manufactured in the shape of 
cylinders raised on the ?rst surface of the lid Wafer. 

10. The method of claim 1, Wherein the lid Wafer is 
manufactured from silicon. 

11. A method for manufacturing a lid apparatus for an 
integrated circuit device comprising the steps of: 

etching one or more sub-Wavelength structures on a ?rst 

side of a lid Wafer; and 

bonding a WindoW Wafer to the ?rst side of the lid Wafer, 
the WindoW Wafer creating a space betWeen the lid 
apparatus and the integrated circuit device. 

12. The method of claim 11, Wherein the step of etching 
the one or more sub-Wavelength structures on the ?rst 
surface of the lid Wafer is accomplished by Wet or dry 
isotropic etching. 

13. The method of claim 11, Wherein the step of etching 
the one or more sub-Wavelength structures on the ?rst 
surface of the lid Wafer is accomplished by anisotropic 
etching. 

14. The method of claim 11, Wherein the step of etching 
the one or more sub-Wavelength structures on the ?rst side 
of a lid Wafer is performed prior to bonding the WindoW 
Wafer to the ?rst side of the lid Wafer. 
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15. The method of claim 11, wherein the lid Wafer is 
pre-fabricated, and Wherein the lid Wafer contains a cut-out 
portion, the cut-out portion corresponding to an integrated 
circuit device on a device Wafer. 

16. The method of claim 11, further comprising the step 
of etching one or more sub-Wavelength structures on a 
second side of the lid Wafer. 

17. The method of claim 16, Wherein the second side of 
the lid Wafer is disposed opposite the ?rst side of the lid 
Wafer. 

18. The method of claim 11, Wherein etching one or more 
sub-Wavelength structures on the ?rst side of a lid Wafer 
creates spaces betWeen the respective sub-Wavelength struc 
tures. 

19. The method of claim 18, further comprising the step 
of ?lling the spaces betWeen the respective sub-Wavelength 
structures With a loW indeX of refraction material. 

20. The method of claim 19, Wherein the loW indeX of 
refraction material is organic. 

21. The method of claim 19, Wherein the loW indeX of 
refraction material is inorganic. 

22. The method of claim 16, Wherein etching one or more 
sub-Wavelength structures on the second side of the lid 
Wafer creates spaces betWeen the respective sub-Wavelength 
structures. 

23. The method of claim 22, Wherein the spaces betWeen 
the respective sub-Wavelength structures are ?lled With a 
loW indeX of refraction material. 

24. The method of claim 23, Wherein the loW indeX of 
refraction material is organic. 

25. The method of claim 24, Wherein the loW indeX of 
refraction material is inorganic. 

26. A lid Wafer for an integrated circuit device compris 
mg: 

a ?rst side; 

a second side; 

a cavity disposed Within the ?rst side; and 

one or more sub-Wavelength structures disposed on the 
?rst side, Wherein the one or more sub-Wavelength 
structures are smaller in diameter and height than a 
Wavelength of incident light. 

27. The lid Wafer of claim 26, further comprising one or 
more sub-Wavelength structures disposed on the second 
side, Wherein the one or more sub-Wavelength structures are 
smaller in diameter and height than a Wavelength of incident 
light. 
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28. The lid Wafer of claim 26, Wherein the one or more 
sub-Wavelength structures are arrayed in a hexagonal close 
packed pattern. 

29. The lid Wafer of claim 26, Wherein the height of each 
one or more sub-Wavelength structure is a function of the 
indeX of refraction of the lid Wafer. 

30. The lid Wafer of claim 26, Wherein the spacing 
betWeen respective sub-Wavelength structures is a function 
of the diameter of respective individual one or more sub 
Wavelength structures and the indeX of refraction of the lid 
Wafer. 

31. The lid Wafer of claim 26, further comprising a loW 
indeX of refraction material deposited betWeen the one or 
more sub-Wavelength structures on the ?rst side. 

32. The lid Wafer of claim 27, further comprising a loW 
indeX of refraction material deposited betWeen the one or 
more sub-Wavelength structures on the second side. 

33. A lid Wafer for an integrated circuit device compris 
mg: 

a ?rst side; 

a second side; 

a cavity disposed Within the ?rst side; 

one or more sub-Wavelength structures disposed Within 
the cavity; 

one or more sub-Wavelength structures disposed on the 

second side; 

a ?ll material deposited betWeen the one or more sub 
Wavelength structures on the ?rst; 

a ?ll material deposited betWeen the one or more sub 
Wavelength structures on the second side, Wherein the 
one or more sub-Wavelength structures are arrayed in a 

hexagonal close-packed pattern, and Wherein the one or 
more sub-Wavelength structures are smaller in diameter 
and height than the Wavelength of any incident light in 
the infrared spectrum, Wherein the height of respective 
sub-Wavelength structures is a function of the indeX of 
refraction of the lid Wafer, and Wherein the spacing 
betWeen respective sub-Wavelength structures is a 
function of the diameter of each respective sub-Wave 
length structure and the indeX of refraction of the lid 
Wafer. 


